Acetylator status was determined in 112 normal and 116 diabetic subjects. Forty-eight percent of the normal subjects were fast acetylators compared with 74% of the Type 1 (insulin-dependent) diabetic and 54% of the Type 2 (non-insulin-dependent) diabetic subjects. This result for Type 1 diabetic patients was significantly different from the normal subjects, while that for Type 2 patients was intermediate between the two. In contrast to a previous report, there was no significant association of acetylator status with peripheral neuropathy in subjects with either Type 1 or Type 2 diabetes. Acetylator status could be a genetic marker for Type 1 diabetes, but the increased proportion of fast acetylators in both groups suggested the possibility of an artefact due to high glucose levels. The rate of acetylation of sulphadimidine was significantly greater in both fast and slow acetylators with diabetes compared with normal subjects and there was a significant association between high plasma glucose and acetylator status. Prospective studies will be necessary to confirm whether acetylator status is a true genetic marker for diabetes.
A number of drugs are metabolised in the liver by the enzyme N-acetyltransferase [1] . The rate of activity of this enzyme is genetically determined and populations may be divided into 'slow' and 'fast' acetylators with implications for the dosage requirements of a variety of drugs [2] . The total N-acetyltransferase activity present in the liver of a rapid acetylator is at least twice as high as that found in a slow acetylator [3] and there is considerable racial variation with most Caucasoid populations having approximately 50% of their number in each group [2] . Slow acetylators are more prone than fast acetylators to develop peripheral neuropathy when treated with isoniazid [4, 5] and a study from Finland found that seven out of nine Type I (insulin-dependent) diabetic children were fast acetylators [6] . McLaren et al. therefore investigated acetylator status in relation to diabetic neuropathy [7] . They found that diabetic patients without peripheral neuropathy had a significantly higher proportion of fast acetylators than a control group. Thus fast acetylation appeared to 'protect' against neuropathy.
Burrows et al. [8] in a much smaller group of nonselected diabetic patients found an increased prevalence of fast acetylators, but numbers were too small to assess relative states of neuropathy. They suggested that McLaren's data could be explained if a) fast acetylators are more susceptible to diabetes than slow acetylators and b) slow acetylators with diabetes are more susceptible to neuropathy. If the first statement is true, then acetylator status might be an additional genetic marker for diabetes. Bodansky et al. [9] combined the data from previous studies [6, 7] with those from 55 Type I diabetic patients from their own clinic and found an increased frequency of fast acetylators. They suggested that fast acetylator phenotype is a genetic marker for Type 1 diabetes and that more than one genetic locus may therefore be involved in susceptibility to Type 1 diabetes.
The present study was designed to investigate the association between acetylator status and peripheral neuropathy in both Type 1 and Type 2 diabetic patients.
Patients and Methods
The study was approved by the Ethics Committee of Royal Perth Hospital and 112 normal and 116 diabetic subjects were investigated. There were 47 Type 1 and 69 Type 2 diabetic patients. The latter 0012-186X/82/0022/0441/$01.00 The diabetic patients were selected on the basis of the presence or absence of neuropathy which had been identified for a previous study [10] . It was defined as neurological symptoms together with loss of touch or proprioceptive sensation in the lower limbs, muscle wasting and weakness accompanied by loss of tendon reflexes or two or more of the features of autonomic neuropathy. Loss of vibration sense or tendon reflexes alone in elderly patients were not accepted as evidence of neuropathy. Acetylator status was measured by the method of Schr6der [11] in which a standard dose of sulphadimidine is taken after an overnight fast and a 5-6 h urine specimen assayed colorimetrically for total and free sulphadimidine. No patients with renal failure were included. Those with less than 70% of the drug as the acetylated metabolite were classified as slow acetylators, the rest as fast acetylators.
Glycosylated haemoglobin levels were estimated by column chromatography using mini-columns as described previously [10] . Statistical analysis was performed by Student's unpaired T-test and the z2test. Table 1 gives the acetylator status for the normal subjects and the two groups of diabetic patients. The prevalence of fast acetylators was significantly greater in the Type 1 diabetic subjects than in the normal subjects. Although increased in the Type 2 group, difference in prevalence was not significant. If all diabetic patients are combined, there was also a significant increase in the percentage of fast acetylators compared with the healthy subjects (p < 0.01). The mean (_+ SEM) percentage acetylation of the drug for the healthy group was 81.5 +_ 0.9% (fast) and 49.5 _+ 1.9% (slow). For all diabetic patients, it was 85.1 + 0.9% (fast) (p < 0.05 compared with normal subjects) and 59.0 _+ 1.9% (slow) (p < 0.001 compared with normal subjects). For the Type 1 diabetic group, the mean percentage acetylation was 84.5 _+ 1.5% (fast) and 59.6 _+ 2.8% (slow). This was significantly different from the healthy group (p < 0.01) but not significantly different from other diabetic patients.
Results
Forty-nine patients had neuropathy and Table 2 indicates their distribution in the two groups of patients in relation to acetylator status. There was no significant difference in the proportion of fast acetylators in those with neuropathy compared with those without neuropathy in either group of patients.
Mean random clinic plasma glucose levels (usually 2 h post-prandial) and glycosylated haemoglobin for the year preceding the present study are shown in Table 3 . The mean plasma glucose level was higher in fast than slow acetylators in Type 1 diabetic subjects but the difference did not achieve statistical significance. In Type 2 patients, the mean glucose was significantly higher in fast acetylators (p < 0.05). The mean glycosylated haemoglobin level was not significantly different in either group of subjects.
Discussion
We have therefore found a significant increase in fast acetylators with Type 1 diabetes and in Type 2 diabetes with poor diabetic control. This was the case in spite of the fact that, in our control population, the prevalence of fast acetylators (48%) was considerably higher than that reported for the British population (37%) [12] . In contrast to the results of McLaren et al. [7] , there was no significant association between acetylator status and diabetic neuropathy.
Our findings on the prevalence of fast acetylators are in agreement with those of Burrows et al. [8] and Bodansky et al. [9] . If it is accepted that there is a primary association between Type 1 diabetes and fast acetylation, then this may be evidence of another genetic marker for this type of diabetes. It is known that slow acetylators are autosomal, homozygous recessives [13] but it is not known which chromosome carries the responsible genes. It may therefore be a quite independent marker from others of Type 1 diabetes such as HLA status or properdin factor [14, 15] .
Burrows et al. [8] suggested that there might also be an association between some Type 2 diabetic patients and acetylator phenotype and it is possible that a single gene plays a minor role in the susceptibility to both types of diabetes. This could explain the acetylator pattern in the Type 2 group which tended towards the pattern seen in the Type 1 group but was not significantly different from normal.
There is, however, another possible explanation for the increased incidence of fast acetylators in the diabetic patients. Acetylation of drugs involves an Nacetyltransferase reaction for which acetyl coenzyme A (acetyl CoA) is the acetate donor [1, 12] . It has been shown that ethanol, which increases hepatic concentrations of acetate, will increase the apparent acetylation of sulphadimidine in both fast and slow acetylators [16] . The availability of acetyl CoA is increased in the presence of high glucose concentrations and a preliminary study showed that isoniazid half-lives were shortened in eight healthy subjects given 100 g of oral glucose [17] . It might therefore be expected that in a diabetic population there would be a shift towards fast acetylation. This was the case in our population, where mean rates of acetylation were significantly higher in diabetic patients than in normal subjects for both fast and slow acetylators. Percentage acetylation was in fact a continuum amongst both Type 1 and Type 2 patients which would be expected if a biochemical factor were superimposed on a genetic background.
There was also a significant association between random, post-prandial clinic plasma glucose and acetylator status. In patients with Type 1 diabetes, 81% of those with a high plasma glucose were fast acetylators, whereas only 60% of patients with a low plasma glucose were fast acetylators which is not significantly different from the normal. Similarly, 69% of patients with Type 2 diabetes and high plasma glucose were fast acetylators compared with 40% with low plasma glucose. However Burrows et al. [8] found no association between mean fasting blood glucose and acetylator status and Bodansky et al. [9] measured glycosylated haemoglobin in their 55 Type 1 diabetic patients and failed to find an association with acetylator status. These findings would be against the hypothesis of a biochemical artefact. Our glycosylated haemoglobin results also show no association with acetylator status.
The problem is a complex one. Any population will have a genetically determined proportion of fast and slow acetylators. We propose that a high blood glucose will cause a proportion of the 'slow' group to be classified as 'fast' and cause the 'fast' group to be 'faster'. A biochemically induced shift would occur after hours rather than days or weeks and therefore glycosylated haemoglobin, which reflects the previous month's mean glucose concentrations [18] , is not the most appropriate way to test the hypothesis. For the same reason our retrospective glucose values can only give a suggestion of a possible biochemical artefact. The problem can only be resolved by a prospective study of acetylation in relation to changing blood glucose. It would also be of interest to measure acetylator status in discordant diabetic twins.
Meanwhile we feel that whereas acetylator phenotype may be a genetic marker for Type 1 and possibly Type 2 diabetes, it must be kept in mind that all findings published to date could be due to a biochemical artefact.
Whatever the reason for the increased incidence of fast acetylators our findings on neuropathy are at variance with those of McLaren et al. [7] and the discrepant results need an explanation. We suggest that McLaren et al. [7] may have misinterpreted their findings when they concluded that there was a higher proportion of fast acetylators in patients without neuropathy. Thus if fast acetylators have a higher than normal incidence of Type 1 but not of Type 2 diabetes and neuropathy is equally distributed between the two types of diabetes, there would be a preponderance of Type 1 fast acetylators without neuropathy. Our data tend to support this hypothesis but our numbers are too small to give a definitive answer. We consider that anything that might be a genetic marker for diabetes and its complications warrants further study but feel that at present the significance of acetylator phenotype in this regard must be viewed with caution.
